Abstract-It is important to predict the current in a line in the electrical grid for example when planning thermography or handling dynamic rating. This paper takes data from a Swedish substation from 10 years and applies analysis of variance (ANOVA) to construct a linear model. The factors are the time of the day, the day of the week and the week number. About two thirds of the variance in the data can be explained by the model, but the means are too low to attain a current of at least one third of the current for which the equipment is rated. Thus the model is not good enough to plan thermography for the studied bay in the substation. However the model is able to predict the current and can also be used to predict power flows in the electric network.
I. INTRODUCTION
The electric grid consists of overhead lines and cables connected at substations. The current in a line or cable varies throughout the day and during the whole year. It is interesting to predict the current, for example, if thermography should be done to equipment connected to that line, as thermography is more accurate at high currents. Also dynamic rating is based on predicting the current of the line.
II. DATA
The current in a line between two substations in the Swedish transmission grid has been recorded for a period of more than 10 years. The current is given in amperes and it is sampled once every hour. The histogram of the current is shown in Fig. 1 . As thermography depends only on the magnitude of the current and not on the sign, Fig. 2 shows the histogram of the absolute value of the current.
III. ANALYSIS OF VARIANCE
The method used for analysis is the so called analysis of variance (ANOVA), which tries to divide the data into groups with different means but the same variance. In order to assess if the division into groups is relevant, the square root of variance within the groups is compared to the difference of means. This explanation of the method of analysis of variance is based on [1, Sec. 9.2.1], [2, Sec 8. 1-8.3] and [3] .
IV. ONE FACTOR

A. Theoretical overview
As a first case, there is just one factor with a levels, so the data are structured as in Table I . The sample means are notated with a bar above and a dot instead of the index or indices for which the mean is taken. The model is thus described as:
where μ i are the parameters to be estimated and ij are the errors or nonexplained terms, which are supposed to be distributed as N (0, σ 2 ) and to be independent of each other. The maximum likelihood estimates (MLE) are:
It is convenient to make a variable change in order to have a mean for all groups, μ:
There are still only a independent parameters as a i=1 α i = 0. The new maximum-likelihood estimates are:
B. Calculations
The total sum of squares (SS(Tot)) can be divided as in Table II . The third term in the sum on the second row cancels as the inner sum over j equals 0. Table III shows how the calculations are carried out. Its last column contains the expected value of the mean sums of squares.
Then the null hypothesis H 0 is θ i = 0 for all i from 0 to a. Hence the expected value of the mean sum of squares (MS) will be the same for both between groups and within groups. If H 0 is true then MS(A) will be distributed as χ 2 (a − 1) and MS(Err) as χ 2 (n − a) according to Cochran's theorem [1, p 375-377] . Then MS(A)/MS(Err) will be distributed as F (a− 1, n − a) and an α level test for rejecting H 0 will be:
where the value F α (a − 1, n − a) can be found in tables such as [1, Table IVa and IVb]. If there are just two groups, a equals 2 and the F distribution will have parameters 1 and n − 2, which will result in the t distribution with parameter n − 2. The test is then the familiar t test. 
C. Results
The time of the day is taken as the first factor. For a period of 4 hours the current is distributed according to the coloured and normalized histograms in Fig. 3 . Table IV shows the output of anova1 in Matlab, corresponding to the calculations in Table III . The estimated means appear in Table V . Fig . 4 shows the distribution of the current for all the 24 hours in a day. Table VI presents the results for the possible periods in which a 24-hour day can be divided, which are the divisors of 24.
D. Discussion
The degree of explanation R 2 increases in general when the length of the period decreases. Fig. 3 and 4 show that the variation between hours cannot be captured by periods of 4 hours. However R 2 does not increase when going from three periods of 8 hours to four periods of 6 hours, because the later division is not a finer division of the 24 hours than the first Fig. 5 . The residuals are the amounts that remain without explanation, i.e. 
V. TWO FACTORS AND INTERACTION
The two factors are the time of the day and the day of the week. The new factor, the day of the week, is used in two ways: division into working days (Monday-Friday) and weekends (Saturday-Sunday) respectively every day is separate, i.e. seven different groups. The interaction can describe phenomena like a lower consumption of electricity during Friday afternoons if the industry tends to close earlier before the weekend.
A. Theoretical overview
The model is described as with the notation in [3] :
where the indexed parameters (all but μ) sum to 0. The term (αβ) ij captures the interaction between factor A at level i and factor B at level j. The maximum-likelihood estimates are in Table VII . 
B. Calculations
The total sum of squares, SS(Tot), can be divided as in Table VIII . The calculations are shown in Table IX . The tests for the significance of factor A, factor B, and factor A together with B are then:
ab is the degree of freedom of the variation within groups.
C. Results
The calculations according to Table IX were done by the Matlab function anovan. Table X shows the output. The results for all the possible integer division of 24 hours and for the three tested are presented in Table XI . Table XI shows that there is no use in differentiating the days of the week. It suffices by dividing into weekends and the working days, Monday to Friday, as column 2 and 3 are better than column 1, except for the period of one hour. 
D. Discussion
Length of
R 2 for R 2 for R 2 for the period (h) the whole week Mon-Fri/Sat-Sun the 7 days 1 0.2430 0.2492 0.2524 2 0.1402 0.2433 0.2463 3 0.1387 0.2354 0.2384 4 0.1270 0.2173 0.2202 6 0.0673 0.2181 0.2210 8 0.0945 0.1745 0.1771 12 0.0091 0.0984 0.1006 24 0 0.0550 0.0564
VI. THREE FACTORS AND INTERACTION
The remaining factor is the week number. The weeks will be handled in groups of 1, 4 or 13, the factors of 52. The factor 2 will not be used as it is close to 1 and 4.
A. Theoretical overview
where the indexed parameters (all but μ) sum to 0.
B. Calculations
The maximum-likelihood estimates and the division of the sum of squares are similar to the case with two factors and interaction. Thus the calculation table is similar in structure but it has more rows.
C. Results
Table XII shows the output from the Matlab function anovan. Tables XIII-XV present the degree of explanation R 
D. Discussion
The degree of explication R 2 is relatively high, larger than 0.60, for periods shorter than 8 hours and when the year is divided in weeks and the week at least in working days and weekend. With the available ten years R 2 should increase. Table XII shows that there is no interaction between the time of the day and the week number since the F test gives too low values (0.51 and 0.44).
VII. CURRENT WITH SIGN
Taking the absolute value of the current is the same as not using all the information. In some cases as in predicting the power flow, it is also necessary to take into account the sign. Thus it is interesting to see how the analysis of variance works with the current with sign.
A. Results
Tables XVI-XVIII show the results using only two years of data. Table XIX is the output from Matlab with the most detailed division of the three factors. 
B. Discussion
The increase in R 2 is not big, between 0.02 and 0.1, which is reasonable since the current is mostly negative. The fact that the interaction between the time of the day (X1) and the week number (X3) became significant in Table XIX is due to that with shorter periods (one hour and one week respectively in this case) more factors are significant. 
A. Scheduling of thermography
We can start by setting a level which the current should achieve in order to have an accurate thermography, I 0 . Then the probability of attaining this level is:
where μ and σ 2 are the mean and the variance of the model. At a voltage of 400 kV I 0 can be set to 1000 A, which is one third of the rated current for some disconnectors and circuit breakers. The estimated mean current is somewhere between 270 A and 570 A in Table V . Further calculations with more groups for every of the three factors will only reduce the variance. The means should be in that range.
If we assume that R 2 attains 0.70 with a model with more groups for the three factors, SS(Err) would be 4.9 · 10 9 and MS(Err) 4.3 · 10 4 . The unit for both is ampere squared. Then the standard deviation is about 210 amperes and the one-sided 30% confidence interval will start at the mean plus 110 amperes. Thus the mean should be at least 890 A for a probability of 30 % to get enough current for the thermography. The conclusion is than that the current is not enough big for an accurate thermography.
B. Discussion
The purpose is to test if the current in a line to a substation in the transmission grid can be predicted by a simple model taking into account only the date and time.
The degree of explanation, R 2 , is defined as the ratio of the remaining variation within the groups to the total variation and it reaches a level of between 0.6 and 0.7 if three variables are considered: the time of the day, the day of the week and the week number with interaction between them. The period of the year should be one week, the working days and the weekend should be counted apart and the length of the periods in which the day is divided should be less than 8 hours. That level is fairly high, as its limit is 1. It would be interesting to try some other variable in order to explain more of the variation of the current.
Only one substation has been studied so far. It is situated in the route from the hydro power in northern Sweden to the consumption in southern Sweden, with some rivers close. It would be interesting to study substations situated close to production (both hydro power and nuclear power) as well as substations close to consumption (both industry and big cities).
C. Conclusion
The variation of the current in a line to a substation in the transmission grid can be predicted by using date and time in an analysis of variance. This paper takes data from a line to a Swedish substation from period of 10 years and applies analysis of variance to construct a linear model. The factors are the time of the day, the day of the week and week number with possible interactions. About two thirds of the variance in the data can be explained by the model, if the periods of the day, the week and the year are short enough. The problem is that the means of the current in the line are too low. Thus the model is not enough to plan thermography in this case. Still the model is suitable for prediction of the current for other purposes. Other lines in different position in the electric grid should be checked.
